Monitoring bacteria growth is an important technique required for many applications such as 23 testing bacteria against compounds (eg. drugs), evaluating bacteria composition in the 24 environment (eg. sewage and wastewater or food suspensions) and testing engineered 25 bacteria for various functions (eg. cellulose degradation). Traditionally, rapid estimation of 26 bacterial growth is performed using spectrophotometric measurement at 600 nm (OD600) but 27 this estimation does not differentiate live and dead cells or other debris. Colony counting 28 enumerates live cells but the process is laborious and not suitable for a large number of 29 samples. Enumeration of live bacteria by flow cytometry is a more suitable rapid method with 30 the use of dual staining with SYBR I Green nucleic acid gel stain and Propidium Iodide (SYBR-31 I/PI). Flow cytometry equipment and maintenance costs however is relatively high and 32 unavailable in many laboratories that may require a rapid method for evaluating bacteria 33 growth. We therefore sought to adapt and evaluate the SYBR-I/PI technique of enumerating 34 live bacteria cells for cheaper platform, a fluorimeter. The fluorimetry adapted SYBR-I/PI 35 enumeration of bacteria in turbid growth media had direct correlations with OD600 (p>0.001). 36
To enable comparison of fluorescence results across labs and instruments, a fluorescence 37 intensity standard unit, the equivalent fluorescent DNA (EFD) was proposed, evaluated and 38 found useful. The technique was further evaluated for its usefulness in enumerating bacteria 39 in turbid media containing insoluble particles. Reproducible results were obtained which 40 OD600 could not give. An alternative method based on the assessment of total protein using 41 the Pierce Coomassie Plus (Bradford) Assay was also evaluated and compared. In all, the 42 SYBR-I/PI method was found to be the quickest and most reliable. The protocol is potentially 43 useful for high-throughput applications such as monitoring of growth of live bacteria cells in 44 96-well microplates and in assessing in vivo activity of cellulose degrading enzyme systems. 45
Introduction 50
Monitoring bacterial growth is essential for assessing many microbial applications. 51
Determination of bacterial cell numbers can be done by direct and indirect methods. The 52 commonest and oldest methods for this are turbidimetric measurements (optical density at 53 600 nm, OD600) and viable (plate/colony) counts (Breed and Dotterrer, 1916, Koch, 1970) . 54
Turbidimetric measurements are indirect methods which are fast and usually preferred when 55 a large number of cultures are to be counted. The readings obtained from these 56 measurements are a representation of the cell numbers (Koch, 1970) . However to obtain 57 definitive numbers, the readings must be correlated initially with cell number determined by 58 other means (eg. plate counts). Plate counts on the other hand gives a direct measure of 59 viable cells within the sample. Direct enumeration by microscopy using Petroff-Hausser 60 counting chambers can also be performed (Treuer and Haydel, 2011). The aforementioned 61 methods are however not universally applicable due to various limitations. This is due to a strong energy transfer between the two fluorochromes which facilitates4 discrimination between living and dead bacteria. This transfer is due to the extremely high 78 quantum yield of DNA bound SYBR-I complex (~0.8, Molecular Probes Inc., USA) and the 79 overlapping of its emission spectrum ( Fig. 1) 
2.6
Total protein assay 208
The Pierce Coomassie plus (Bradford) assay was used to determine the total protein 209 concentration in cells. Reactions were set up in 1 ml volumes containing 100 µl of sample and 210 900 µl of Bradford reagent and mixed. To determine release of soluble protein from sonicated 211 cell suspensions, cells were removed by centrifugation (10,000 g, 10 min) and 100 microliters 212 of supernatant was assayed. The reaction mixture was incubated at room temperature for 10 213 minutes according to the manufacturer's instructions after which absorbance was measured 214 at 600 nm using the Modulus™ reader. To measure total protein content of intact cells, 100 µlfor one hour to lyse the cells. The samples were allowed to cool for one hour at room 217 temperature during which time cellulose particles settle at the bottom that so they do not 218 interfere with the absorbance measurements. Absorbance values were converted to protein 219 concentration by comparing with a standard curve prepared with dilutions of the 2 mg ml 
Effects of the presence of insoluble cellulose on turbidity of cell suspensions 303
To determine what effects addition of an insoluble substance will have on the cell density 304 measurement (OD600), cellulose powder was added to cell suspensions after initial OD600 305 had been measured. As expected, the addition of cellulose resulted in high OD600 values 306 (supporting information figure 4) . The values however did not correlate with the values 307 obtained before the addition of cellulose indicating presence of insoluble substances will lead 308 to inaccurate OD600 values. To investigate whether leaving cuvettes to stand for some time 309
to allow avicel to settle would improve the correlation between OD600 without and with avicel, 310 OD600 measurements were taken at 5 and 15 minutes after addition of avicel. The OD600 311 did not significantly change with longer standing time. There was still no correlation with the 312 original OD due to cells alone. The values for 15 minutes wait were however lower than the 313 values for 5 minutes as a result of settling of particles (supporting information figure 5 ). The 314 rate of decrease was similar for all the samples tested. 315 316
Detecting live and dead cells in the presence of cellulose 317
To investigate the ability of the SYBR-I and PI dual staining to estimate the amount of cells 318 present in suspensions with cellulose, correlations between OD600 and fluorescence were 319 determined from E. coli and C. freundii cell suspensions with or without cellulose. The addition 320 of avicel did not significantly affect the fluorescence measurements ( Figure 5 (a) ). Pearson'scorrelation was used to test whether there was any correlation between OD600 before addition 322 of avicel and the live cells (green fluorescence) before and after addition of avicel. Strong 323 correlations were obtained for all cells whether avicel was present or not (Table 2) . To 324 determine whether the fluorescence measured depended on the OD600, Kendall tau 325 correlation test was performed ( Table 2 ). The results showed that irrespective of the type of 326 bacteria used or whether there was avicel or not, fluorescence depended on the OD600 before 327 addition of avicel. 328 
3.7
Assessing growth in the presence of cellulose by total protein estimation 332
Total protein was determined using the coomassie assay on samples following incubation at 333 65°C for one hour as described above. There was no significant difference between total 334 protein for cells with or without avicel (p = 0.117 (E. coli) and 0.600 (C. freundii); figure 5 (b) ). Creutzig, F., Ravindranath, N.H., Berndes, G., Bolwig, S., Bright, R., Cherubini, F., Chum, H., 428
Corbera, E., Delucchi, M., Faaij, A., Fargione, J., Haberl, H., Heath, G., Lucon, O., Plevin, R., 429
Popp, A., Robledo-Abad, C., Rose, S., Smith, P., Stromman, A., Suh, S., Masera, O., 2015. 
